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The  work  presented  In  this  paper  waa  undertaken  pri- 
marily to  study  the  characters  which  differentiate  hemolytic 
streptococci  which  are  pathogenic  for  man  from  non-pathogenic 
hemolytic  streptococci  occurring  in  milk.   Several  papers  in 
which  the  finding  of  hemolytic  streptococci  in  milk  is  reported 
have  appeared  within  the  last  few  years.   These  streptococci 
are  generally  considered  to  be  non-pathogenic,  except  in  a 
few  cases  in  which  hemolytic  streptococci  have  been  found  in 
milk  during  epidemics  of  septic  sore  throat  and  were  thought 
to  be  the  etiological  agent  in  the  disease. 

Streptococci  which  produce  a  clear  zone  around  the 
colony  on  a  blood  agar  plate  are  usually  regarded  as  hemolytic. 
There  are  wide  variations  ajuong  streptococci  in  their  ability 
to  produce  zones  of  hemolysis.   In  fact,  moat  streptococci 
and  some  pneumococcl  cause  a  slight  clearing  of  blood  agar 
around  the  colony.   Smith  and  Brown  (l)  have  studied  the  hemo- 
lytic zones  made  by  streptococci  on  standarlzed  blood  agar 
plates  and  have  classified  them  according  to  the  appearance 
of  the  zone  of  hemolysis.   It  was  found  that  hemolytic  strep- 
toooocl  of  the  typical  human  pathogenic  type  gave  a  perfectly 
well-defined  zone  of  hemolysis  two  to  four  millimeters  in 
diameter.   These  streptococci  were  recognizable  on  blood  agar 
plates  and  were  found  to  oe  a  group  with  definite  pathogenic 
properties.   This  group  is  designated  by  Smith  and  Brown  as 
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the  Beta  type. 

It  has  been  observed  by  several  investigators,  how- 
ever, that  streptococci  which  seem  to  have  no  pathogenic  prop- 
erties, but  which  produce,  on  blood  agar  plates,  zones  of 
hemolysis  closely  resembling  the  3eta  type,  frequently  occur 
in  millc.   Davie  (3)  found  streptococci  of  this  kind  in  both 
raw  and  pasteurized  millc  but  more  commonly  in  the  former. 
Most  of  them  were  non-virulent  for  rabbits.   Brown  (3),  in  a 
recent  paper,  points  out  some  of  the  characteristics  which 
differentiate  milk  strains  from  human  pathogenic  strains. 

Preliminary  examination  of  pasteurized  milk  in 
Baltimore  showed  that  streptococci  of  the  Beta  type  of  hemoly- 
sis were  present  in  the  milk,  in  some  cases  in  large  numbers. 
A  survey  was  made  of  the  milk  of  a  number  of  dairies  to  deter- 
mine how  generally  these  streptococci  occurred.   The  bottled 
milk  was  bought  from  the  dealers  and  plated  on  standard  blood 
agar  plates.   Plain  agar  was  used  in  the  preparation  of  the 
blood  agar.   This  was  tubed  in  13  co.  portions  and  to  the 
melted  and  cooled  agar,  .5  cc.  of  whole  rabbit's  blood  was 
added.   Dilutions  of  tne  milk  were  made  and  plates  were  poured. 
The  plates  were  incubated  for  forty-eight  hours  at  37°  C.   The 
number  of  colonies  showing  hemolysis  of  the  Beta  type  were 
counted  and  recorded.  The  numbers  of  these  hemolytic  strepto- 
cocci in  the  milk  of  a  given  dairy  varied  widely  from  day  to 
day.  Also  the  proportion  of  hemolytic  streptococci  to  other 
organisms  varied  widely.   Table  I  represents  typical  counts 
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of  the  millc  of  several  dalriee. 

The   sliEilarlty  of  these  pathogenic  and  non-patho- 
genic  streptococci   on  blood  agar  plates  and  the   frequency  with 
which  the   latter  occur  in  irillc  render  the   study  of  character- 
istics which  differentiate   them  of  importance. 

HISTORICAL. 

A  great  deal  of  work  has  been  done  on  the  differen- 
tiation of  streptococci  and  many  characters  are  said  to  have 
differential  value.  A  complete  review  of  the  voluminous 
literature  on  differentiation  of  streptococci  will  not  be 
attempted,  as  several  very  complete  bibliographies  of  the 
streptococci  have  been  published  recently.  It  is  purposed 
here  to  name  the  more  common  methods  of  differentiation  and 
to  review  briefly  some  of  the  studies  made  of  each. 

MORPHOLOGY »  The  earliest  attempts  at  classifioation 
of  streptococci  were  based  on  morphology  and  particularly  on 
chain  formation,   v.  Llngelshelm  (4)  named  the  long  chain  forms 
S.  longus  and  the  short  chain  forms  S.  brevis.  Such  a  classi- 
fication has  very  little  value  since  the  length  of  chain  is 
largely  dependent  upon  the  medium  in  which  the  organism  is 
grown.  It  has  often  been  observed,  however,  that  long  chain 
forms  are  more  likely  to  be  pathogenic  tt^n  are  short  chain 
forms.   It  seems  to  be  the  generally  accepted  opinion,  how- 
ever, that  no  particular  classif icatory  value  should  be  attached 
to  chain  formation.   The  form  of  the  individual  cell  is  likewise 


-5- 


somewhat  variable.  Oval  suid  cylindrical  forma  often  occur 
in  strains  which  are  usually  spherical.   The  usual  text  book 
description  of  Streptococcus  lactlcus  characterizes  this 
group  as  being  generally  more  oval  or  lanceolate  than  the 
Streptococcus  pyogenes.  Morphological  characteristics  may  be 
of  value  in  confirming  one's  judgment  based  on  rr.ore  stable 
characteristics. 

FERMENTATION  OF  CARBOHYDRATES:  Undoubtedly  the 
most  extensively  studied  characteristic  of  the  streptococci  is 
their  biochemical  activity  in  media  containing  carbohydrates. 
Gordon  (5)  made  the  first  extensive  study  of  the  fermentation 
of  carbohydrates,  and  related  substances,  by  streptococci.  He 
studied  ten  cultures  from  different  sources  with  thirty-five 
different  test  substances.  From  these  substances  he  selected 
two  disaccharides,  lactose  and  saccharose;  one  trlsaccharide, 
raffinose;  one  polysaccharide,  inulin;  two  glucosides,  salicin 
and  coniferin;  and  one  alcohol,  mannite.  He  applied  the  fer- 
mentation of  these  test  substances,  with  the  reduction  of 
neutral  red  and  the  curdling  of  milk,  to  300  cultures  from 
normal  saliva  and  to  100  from  the  air.  The  test  substances 
divided  these  streptococci  into  forty-eight  groups.  Following 
this  work  a  great  many  studies  of  streptococci  from  various 
sources  have  been  made,  using  the  Gordon  test  substances. 
Other  characters  have  been  added  and  attempts  made  to  corre- 
late them  with  fermentation. 

Houston  (6)  studied  300  cultures  from  human  feces. 


173  from  xllk,  and  100  from  oow  dung.   In  addition  to  the 
fermentation  of  the  Gordon  test  eubstancee,  he  observed  the 
appearance  of  broth  cultures,  liquefaction  of  gelatin,  re- 
duction of  nitrates,  and  pathogenicity  for  mice. 

Andrews  and  Horder  (7)  studied  1300  strains  and 
made  the  fermentation  of  Gordon'a  test  media,  growth  at 
30°  C,  the  formation  of  chains,  and  pathogenicity  for  mice 
the  basis  of  a  classification  of  streptococci  in  which  six 
species  were  recognized.  This  classification,  however,  has 
not  gained  general  acceptance. 

Savage  (8)  used  carbohydrate  fermentation  in  the 
study  of  streptococci  of  mlllt  from  normal  and  gargety  cows 
and  from  sore  throats.  Growth  at  low  temperature,  length  of 
chains,  and  mouse  pathogenicity  were  also  emphasized.  Many 
groups  were  found  with  the  use  of  these  characters. 

In  this  country,  Winelow  and  Palmer  (3)  used  four 
carbohydrates,  namely,  dextrose,  lactose,  raffinose,  smd 
mannite  in  the  study  of  bovine  and  equine  fecal  streptococci, 
They  introduced  quantitative  acid  production  in  the  study  of 
streptococci  and  believed  that  the  amount  of  acid  produced 
with  these  carbohydrates  characterized  definite  groups.   In 
a  later  paper,  Winslow  (10)  advocates  the  use  of  statistical 
or  blometrlcal  studies  of  fermentation. 

Stowell,  Hilliard,  and  Schlesinger  (ll)  tried  to 
correlate  a  number  of  characters,  such  as  morphology,  charac- 
ter of  growth,  hemolysis,  and  resistance  to  gentian  violet 
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wlth  fermentation  but  failed  to  find  any  constant  correlation. 
The  production  of  aold  at  low  temperature  seemed  to  be  of 
value  in  separating  the  milk  strains  from  those  fouiKi  in 
throats. 

Fuller  and  Armstrong  (12)  used  quantitative  acid 
production  in  studying  the  fecal  streptococci  of  the  horse, 
the  cow,  and  ican.   The  percentage  of  the  various  fermentation 
groups  found  in  the  different  feces  do  not  agree  closely  with 
those  of  Wlnslow  and  Palmer  (9) . 

Throughout  the  literature  bearing  on  the  fermentation 
reactions  of  the  streptococci,  widely  varying  results  are  ob- 
tained by  different  workers.  Wlnslow  (10)  and  Broadhurst  (13) 
show  that  differences  In  media,  indicators,  and  other  technical 
factors  may  be  the  cause  of  these  discrepancies.  Thro  (14) 
also  offered  a  list  of  teohnioal  errors  to  explain  the  varying 
results.  Holman  (15)  points  out  other  errors  and  calls 
special  attention  to  the  difficulty  of  isolating  streptococci 
in  pure  culture.  He  also  proposes  a  standard  medium  for  test- 
ing fermentation.  Hemolysis  and  the  fermentation  of  four 
carbohydrates  are  made  the  basis  of  his  classification  of 
streptococci. 

Kllgler  (16)  studied  the  correlation  of  fermentation 
with  hemolysis  and  agglutination.   He  concluded  that  fermenta- 
tion represents  relationships  because  of  Its  correlation  with 
agglutination,  and  that  division  on  the  basis  of  hemolysis  is 
not  wareanted.  Hopkins  and  Lang  (17)  also  discard  hemolysis 
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in  favor  of  fermentation  reactions.   Titration  of  acidity  and 
coagulation  of  milk  are  not  considered  of  much  value. 

UoBt  inveatigators  find  that  in  using  fermentation 
testa  in  the  olaaalf Ication  of  streptococci  the  majority  of 
etraina  fall  into  a  few  groups,  but  besides  these  there  are 
a  large  number  of  groups  represented  by  a  very  few  strains. 
It  is  douotful  whether  or  not  these  small  groups  separated 
from  the  larger  ones  only  by  a  positive  or  negative  in  a  single 
test  aubatance  are  sufficiently  different  to  be  separately 
classified.   If  such  groups  are  recognized,  their  number  in- 
creases geometrically  with  the  number  of  test  substances  used. 
The  tendency  in  the  more  recent  work  has  been  to  use  a  small 
number  of  teat  substances  and  to  correlate  the  results  with 
other  characters.   The  question  of  fermentation  has  been  eo 
generally  atudled  that  an  investigation  of  any  group  of 
streptococci  would  seem  incomplete  without  including  their 
fermantation  reactions. 

HEMOLYSIS:   Schottmuller  (l8)  was  the  first  to  use 
hemolysis  as  a  basis  of  classification.   He  deecrioed  the 
appearance  of  S.  longus  pat ho genes.  S.  mitior.  S.  mucosus. 
and  the  pneumococcua  on  blood  agar  platee.   Human  blood  waa 
uaed.   Zangemeister  (19)  studied  hemolysis  with  the  blood  of 
man,  horse,  rabolt,  cow,  hog,  hen,  and  pigeon.   Differences 
in  hemolysis  were  noted  but  the  blood  of  no  species  gave 
negative  results  when  others  were  positive.   The  zone  of 
hemolysis  was  also  varied  by  the  quantity  of  blood. 
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Hoeesll  (30)  ooncluded  that  the  hercolytlc  character 
of  etreptococcl  is  far  too  variable  to  be  used  in  differentia- 
tion. While  Roily  (31)  found  hemolysis  constant  and  satisfac- 
tory for  classification.   Saito  (33)  found  hemolysis  constant 
for  the  blood  of  a  given  species  but  somewhat  different  for 
the  blood  of  different  species.   Jaffa  (33)  stated  that  hemoly- 
sis i3  unsuited  for  differentiation  because  it  is  an  incon- 
stant characteristic. 

Kuhn  (34)  shows  that  sugar  in  blood  media  reduces 
hemolysis.  Ruediger  (35)  states  that  ^.  lacticus  can  be 
differentiated  from  S,  pyogenes  by  the  fact  that  the  former 
produces  no  zone  of  hemolysis  on  blood  agar.  M'Leod  (36) 
concludes  that  hemolysis  on  blood  agar  plates  is  unreliable 
and  that  the  minimum  hemolytic  dose  should  be  determined 
Instead. 

Hopkins  and  Lang  (17)  find  that  the  majority  of 
streptococci  produce  so.ie  hemolysis  and  that  it  is  rrore  pro- 
nounced in  virulent  types,  but  the  difference  is  only  quanti- 
tative and  is  not  suitable  for  classification. 

Smith  and  Brown  (l)  described  two  types  of  hemolysis 
produced  by  streptococci  on  blood  agar  plates.  The  appearance 
of  the  zones  was  carefully  described,  including  the  appearance 
under  the  microscope. 

Holman  (37)  makes  hemolysis  the  primary  basis  for 
a  classification  of  streptococci,  the  groups  are  further  sub- 
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alvlded  by  trie  uae  of  fermentation  teats,  Smlllle  (28)  con- 
firms the  observations  of  Sir.lth  and  Brown  (1)  and  ercpnaaizes 
the  fact  that  different  types  of  hemolysis  are  produced  with 
different  blood. 

From  the  literature  It  appears  that  differences  In 
hemolysis  produced  on  blood  a^^r  plates  by  the  same  organisms 
ipay  be  caused  by  the  use  of  different  kinds  of  blood,  differ- 
ent quantities  of  blood  and  agar,  the  presence  of  carbohydrates, 
and  other  factors.  The  necessity  of  standard  blood  agar  plates 
is  discussed  by  Becker  (39) .  He  shows  that  the  reaction  of 
the  medium  and  the  crowding  of  colonies,  in  addition  to  some 
of  the  factors  mentioned  above,  influence  the  zone  of  hemolysis. 

The  whole  question  of  the  use  of  blood  agar  is  com- 
pletely reviewed  in  a  monograph  by  Brown  (30).   He  proposes 
a  standard  blood  agar  plate  and  gives  exact  directions  for  mak- 
ing and  seeding  blood  agar  plates  which  will  bring  out  the  dif- 
ferent types  of  hemolysis  described  by  Smith  and  Brown  (l).   It 
seems  now  to  be  quite  generally  conceded  that  hemolysis  is  a 
constant  characteristic  when  the  organism  is  tested  under  con- 
stant conditions. 

PATHOGENICITY:  The  pathogenicity  of  streptococci 
for  laboratory  animals  has  not  been  considered  cy  itself  as 
a  basis  for  classification,  but  it  is  very  desirable  that 
characters  which  correlate  with  pathogenicity  be  found.  In 
searching  for  characters  which  diatint^ish  pathogenic  strains, 
various  direct  criteria  of  pathogenicity  and  virulence  have 
been  proposed. 
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Frankel  {61)    found  strains  of  S.  nr.ltlB  which  were 
pathogenic  for  mice.   Andrews  and  Horder  (7)  found  that  scae 
of  their  strains  of  S.  pyogenes  and  S.  anp^lnosus  were  patho- 
genic for  mice,  while  S.  gallvarlus  and  S.  fecalis  were  non- 
pathogenic for  mice.  Ruedlger  (32)  found  S.  pyogenes  from 
acarlatenal  and  normal  throats  to  be  pathogenic  for  rabtlte, 
while  S.  virldans  was  not.   Horder  (33)  found  cases  of  infec- 
tive endocarditis  due  to  streptococci  which  were  non-pathogenio 
for  mice.  Sachs  (34)  states  that  pathogenicity  for  animals 
and  pathogenicity  for  man  do  not  run  parallel.   Bahr  (35) 
found  that  S.  lacticus  was  non-pathogenic  for  mice  and  rabcits. 
Saito  (22)  made  the  saae  observation,  while  Heineman  (36) 
claimed  to  have  raised  the  virulence  of  S.  lacticus  to  the 
point  of  killing  rabbits  by  successive  passage  through  a  num- 
ber of  rabbits. 

A  large  number  of  investigators  have  found  strepto- 
cocci pathogenic  for  animals  to  be  the  etiological  agent  in 
milk  borne  sore  throat  epidemics.  Davis  and  Rosenow  (37)  found 
such  streptococci  pathogenic  for  rabbits,  guinea  pigs,  and  mice. 
Stokes  and  Hachtel  (38)  found  them  pathogenic  for  mice. 
North,  White,  and  Avery  (39);  Smith  and  3rown  (l);  Capps  and 
Davis  (40)  found  them  pathogenic  for  rabbits.   Smillle  (28) 
found  positive  results  with  both  mice  and  rabbits. 

Davis  (2)  found  hemolytic  streptococci  in  milk  which 
were  generally  non-virulent  for  rabbits.   He  expressed  the 
belief  that  pathogenicity  of  hemolytic  streptococci  for  rao- 
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blts  ran  parallel  with  pathOi:enlclty  for  man. 

Holican  (15)  has  shown  quite  conclusively  that  animal 
experimentation  with  streptococci  ie  subject  to  many  errors 
on  account  of  the  normal  streptococcus  flora  of  the  animal 
body.   Stress  should  not  be  placed  on  the  results  of  animal 
inoculation.   In  the  work  which  has  been  done  the  methods  have 
been  far  too  variable  to  be  compared.  Different  animals  have 
been  used,  different  amounts  of  inoculxim,  different  sites  of 
inoculation,  and  other  factors  which  would  render  results 
incoiiparable.  No  standard  test  of  virulence  or  pathogenicity 
has  been  established.  If  ice  and  rabbits  have  been  used  more 
than  other  animals. 

SEROLOGICAL  REACTIONS:  Attempts  to  classify  strepto- 
cocci by  their  serological  reactions  have  not  met  with  great 
success.  The  specific  agglutination  of  streptococci  is  sub- 
ject to  great  difficulty  because  of  the  spontaneous  agglutina- 
tion which  takes  place  in  broth  cultures  of  streptococci. 

Davis  (41)  used  anaphylactic  reactions  in  guinea  pigs 
to  show  relationships  among  streptococci.  He  believed  that 
the  results  obtained  indicated  relationships  between  groups. 

Kllgler  (16),  as  already  stated,  used  agglutination 
and  its  correlation  with  fermentation  reactions  as  a  basis  of 
cladslfication  of  streptococci.  He  found  no  correlation  be- 
tween agglutination  and  hemolysis. 

Krumwelde  and  Valentine  (42)  found  no  relationship 
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among  etreptococcua  vlridans  by  agglutination  testa. 

Klneella  and  Swift  (43)  atteirpted  to  classify 
heaolytio  atreptocooci  by  means  of  complement  fixation  reac- 
tions.  They  conclude  from  their  results  that  the  hemolytic 
streptococci  are  a  homogeneous  group.  They  abandoned  attempts 
to  use  agglutination  because  of  spontaneous  agglutination 
among  their  cultures. 

Howell  (44)  also  studied  complement  fixation  with 
streptococci.   She  found  no  correlation  between  this  reaction 
and  heaolysis  or  carbohydrate  fermentation.  She  concluded 
that  a  classification  based  on  complement  fixation  was  not 

T 

justifiable. 

Recently  Havens  (45)  has  divided  hemolytic  strepto- 
cocci into  groups  based  on  agglutination.  He  reports  that  no 
difficulty  was  encountered  due  to  spontaneous  agglutination 
when  a  twelve  to  sixteen  hour  blood  broth  culture  was  used. 

In  general,  however,  much  doubt  has  been  expxe6&&d 
as  to  the  value  of  serological  reactions  in  grouping 
streptococci. 

OTHER  CHARACTERS;  Ayers,  Johnson,  and  Davis  (46) 
called  attention  to  the  difference  in  hydrogen-ion  concentra- 
tion in  broth  cultures  produced  by  pathogenic  and  non-pathogenic 
streptococci.   They  found  that  in  dextrose-yeast-peptone 
medium  the  limiting  hydrogen-ion  concentration  for  pathogenic 
streptococci  was  from  p^  5,4  to  6.0  and  for  non-pathogenic  from 
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P„  4.5  to  4.9.  Avery  and  Cullen  (47)  studied  the  same  charac- 
H 

ter,  using-  strains  from  human  and  bovine  sources.  The  final 
readings  with  the  human  strains  were  from  Pj^  5.0  to  5.3, 
while  the  bovine  strains  were  from  P^  4.3  to  4.5. 

The  curdling  of  milk  was  included  in  some  of  the 
earlier  work  on  the  classification  of  streptococci  and  has 
since  been  included  in  the  studies  of  a  great  many  workers. 
Andrews  and  Border  (7)  found  that  their  S.  eauinus.  S.  mitis. 
and  S.  pyogenes  do  not  curdle  milk,  while  S.  salivarius.  S. 
anglnosus.  and  S.  fecalie  do  coagulate  milk.  It  has  generally 
been  found  that  saprophytic  streptococci,  or  streptococci  of 
low  virulence,  coagulate  milk  while  the  more  pathogenic  ones 
do  not.  It  is  only  in  a  general  way,  however,  that  this  dis- 
tinction holds  true.  Pathogenic  streptococci  are  found  which 
do  coagulate  milk  and  some  saprophytic  ones  are  found  which 
do  not.  The  procedure  is  a  simple  one  and  its  value  is 
sufficient  to  justify  its  inclusion  in  the  study  of  any  group. 
In  a  general  way,  the  results  correlate  with  the  determination 
of  limiting  hydrogen-ion  concentration,  that  is,  those  which 
coagulate  milk  are  usxially  those  which  produce  a  high  acidity 
in  dextrose  broth  media. 

Another  test  which,  for  a  long  time,  has  been  applied 
to  streptococci  is  the  reduction  of  dyes.  Neutral  red  has 
been  principally  used.  Gordon  (5)  used  this  test  along  with 
his  studies  of  fermentation.   Sherman  and  Albus  (48)  were  able 
to  differentiate  streptococci  of  the  pyogenes  type  from  those 
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of  the  lacticue  type  by  their  reduction  of  methylene  blue, 
litmua,  indigo  carmine,  and  neutral  red.   Brown  (3)  was  un- 
able to  distinguish  sharply  between  bovine  and  human  hemolytic 
streptococci  by  this  method. 

Sherman  and  Albus  (48)  also  found  that  growth  at 
10°  C.  and  43°  C.  help  to  differentiate  pyogenic  from  lactic 
streptococci. 

Ayers,  Johnson,  and  Davie  (46),  in  a  study  of  the 
effect  of  pasteurization  temperature  upon  streptococci,  found 
that  the  pathogenic  streptococci  were  easily  killed  at  60*^  C. 
while  the  non-pathogenic  streptococci  survived  higher  tempera- 
tures. 

METHODS . 
From  a  study  of  the  literature  on  differentiation 
and  classification  of  streptococci  it  becomes  apparent  that  no 
single  character  will  suffice  to  distinguish  a  group,  though 
by  the  use  of  a  group  of  characters  it  may  be  possible  to 
define  a  fairly  homogeneous  group.   In  this  work  a  study  of  the 
hemolytic  streptococci  which  occur  in  milk  was  made  with  a 
threefold  purpose  in  mind.   It  was  purposed,  first,  to  learn 
the  characteristics  of  these  streptococci  and  to  see  whether 
or  not  they  constitute  a  homogeneous  group;  second,  to  deter- 
mine the  characters  which  are  most  useful  in  differentiating 
them  from  hemolytic  streptococci  which  are  pathogenic  for  man; 
and  third,  to  study  the  thermal  death  rate  of  this  group  and 
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of  other  hemolytic  streptococci  In  milk.   The  following  char- 
acters were  selected  for  study: 

1.  Morphology. 

3.  Fermentation  reactions. 

3.  Hemolysis. 

4.  Pathog,eniclty  for  mice. 

5.  Reduction  of  litmus  and  coag;ulation  of  milk. 

6.  Thermal  death  rate  In  milk  at  60  C. 

The  milk  strains  used  In  this  study  were  Isolated 
from  milk  by  plating  on  blood  agar.   Most  of  them  were  taken 
from  bottled  pasteurized  milk,  but  some  were  from  certified 
unpasteurized  milk.   The  blood  agar  was  prepared  by  adding 
citrated  whole  rabbit's  blood  to  plain  agar.  One-half  cc.  of 
blood  was  added  to  each  tube  containing  12  cc.  of  the  melted 
and  cooled  medium.   The  dilutions  of  milk  were  made  and  then 
mixed  with  the  agar  on  the  plate.   The  plates  were  incubated 
for  twenty- four  hours  at  37°  C. 

Only  those  colonies  which  gave  wide,  clear,  well- 
defined  zones  of  hemolysis  were  selected.   Colonies  showing 
every  degree  of  hem-olysis  from  a  barely  perceptible  halo  to 
the  wide,  clear  zones  were  found  on  most  of  the  plates.   Some 
colonies  gave  wide  zones  but  the  outer  limits  of  the  zones 
were  not  well  defined.   Such  colonies  when  fished  to  broth 
and  the  broth  tested  with  washed  red  cells  gave  no  hemolysis. 
Only  those  which  had  the  wide,  clear-cut  zones  were  found  to 
respond  to  this  test.   These  colonies  correspond  to  Smith 
and  Brown's  Beta  type.  After  a  little  experience  It  was  found 
possible  to  pick  these  colonies  with  considerable  accuracy. 
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The  aeleotei  colonlas  were  transferred  to  veal 
infusion  broth.   Smears  were  aa.de  from  the  broth  cultures  and 
examined  for  purity.   Stock  blood  agar  slants  were  made  from 
the  pure  broth  cultures.  All  tests  were  made  upon  transfers 
from  these  stock  cultures. 

For  comparison  with  the  milk  strains,  a  number  of 
cultures  from  pathological  sources  were  selected.  Moat  of 
these  were  obtained  from  the  Hygienic  Laboratory  of  the 
United  States  Public  Health  Service,  Washington,  D.  C.   These 
cultures  had  been  isolated  aainly  from  empyema  cases  in  aray 
caaps.   Others  were  obtained  from  other  sources  as  shovn  in 
Table  III. 

MORPHOLOGY. 
A  study  of  the  morphology  of  the  milk  strains  was 
made  soon  after  Isolation.   For  this  purpose  they  were  grown 
in  meat  infusion  broth  and  stained  by  Gram's  method,  after 
twenty-four  hours  growth.  The  human  strains  were  grown  in 
broth  ana  examined  in  the  sa^te  way.   Tables  II  and  III  show 
the  summary  of  the  points  observed.   Examination  was  al^o  made 
of  the  growth  from  blood  agar  and  from  milk.   In  general,  it 
may  be  said  that  the  organisms  were  more  uniform  in  size  and 
shape  when  grown  in  milk  than  when  grown  in  the  other  media. 
In  broth  and  especially  on  blood  ag^r  the  organisms  tended  to 
develop  irregular  shapes  and  sizes.   This  was  more  marked  in 
the  milk  strains  than  in  the  human  strains. 
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General  irorphology  and  chain  formatlcn  varied  con- 
siderably ao-ong  the  various  cultures  of  both  groups.   All 
cultures  showed  chain  formation,  but  the  proportion  of  the 
whole  number  of  organises  in  chains  and  the  number  of  elements 
In  the  chains  were  points  of  variation.   In  some  of  the  rtllk 
strains  pairs  or  dlplococci  predominated,  while  in  others 
practically  all  of  the  organisms  were  in  chains  of  several 
elenents.   The  human  strains  were  not  so  variable  in  this 
respect.   Most  of  thea  were  in  chains  of  varying  lengths. 
Variations  in  the  size  and  shape  of  the  cells  were  also  icore 
marked  in  the  milk  strains.   Some  showed  sinall  and  delicately 
spherical  cells  while  others  were  larger  and  somewhat 
elongated. 

The  outstanding  morphological  differences  between 
the  organisms  of  the  two  groups  may  be  summed  up  as  follows: 
MILK  STRAINS: 

Cells  elongated-oval,  varying  greatly  in  size. 

Organisms  less  regularly  in  long  chains,  and 
whether  in  chains  or  not,  the  arrangement  of 
cells  was  cjuite  uniformly  in  pairs. 

HUMAN  PATHOGENIC  STRAINS: 

Cells  spherical,  more  regular  In  size  and  shape. 

Chains  usually  long  and  few  organisms  not  in 
chains.   Some  but  not  all  showed  a  tendency  to 
diplococcus  form. 

Some  cultures  in  each  group  are  indistinguishable 

morphologically  from  those  of  the  other  group  but  the  majority 
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of  each  showed  the  differences  outlined.  These  characters 
remained  constant,  when  observed  in  the  same  ntediun.,  after 
months  of  cultivation. 

The  morphology  alone  is  of  little  value  In  distin- 
guishing bovine  from  hxunan  strains  but  when  used  with  other 
characters,  it  will  aid  in  the  diagnosis  of  an  unicnown  culture. 

THE  REACTION  IN  LITMUS  MILK. 

In  the  study  of  the  reaction  of  streptococci  in 
litmus  milk,  two  distinct  characters  are  involved,  namely,  the 
coagulation  of  the  milk  and  the  reduction  of  the  litmus.   Both 
have  been  found  of  some  differential  value  by  various  observers. 
Observations  which  have  been  made  with  these  characters  are 
mentioned  elsewhere.   In  addition  it  has  been  observed  by 
several;  Esten  (4S),  Sherman  (48),  Evans  (50),  that  the  be- 
havior of  streptococci  of  the  lacticus  type  in  litmus  milk  is 
characteristic.   This  characteristic  reaction  is  used  in  some 
laboratories  of  dairy  bacteriology  to  Identify  members  of  this 
group.   The  typical  Streptococcus  lacticus,  according  to 
Evans,  coagulates  milk  within  twenty-four  to  forty-eight  hours. 
This  coagulation  is  accompanied  by  a  reduction  of  the  litmus, 
beginning  at  the  bottom  of  the  tube  and  progressing  nearly  to 
the  surface,  leaving  a  pure  white  column  of  milk  with  a  pink 
layer  on  top. 

All  the  cultures  of  human  and  milk  strains  of  hemo- 
lytic streptococci  were  inoculated  Into  litmus  milk.   The 
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tubes  were  filled  to  a  uniform  depth  of  about  one  and  one-h£.lf 
inches  and  the  litxus  in  all  tubes  was  aa  nearly  aa  poaaible 
of  equal  concentration.  The  inoculated  tubes  were  inoucited 
at  37°  C.  and  observed  at  frequent  Intervale.   Record  was 
made  of  the  reaction  after  twenty-four  and  forty-eight  hours. 
The  results  are  shown  in  Tables  IV  and  V. 

It  will  be  seen  that  the  majority  of  the  milk  strains 
produce  acid  and  cause  a  reduction  of  the  litmus  in  twenty-four 
hours.   Some  cause  ocagulatlon  of  the  milk  also,  out  in  moat 
cases  this  occurred  between  the  twenty-four  and  the  forty-eight 
hour  readings.   Reduction  of  the  litmus  in  the  bottom  of  the 
tube  appeared,  in  most  cases,  before  any  color  change  took 
place  and  by  the  time  sufficient  acid  was  formed  to  cause  a 
pink  coloration,  only  a  layer  about  one-eighth  to  one-fourth 
of  an  inch  thick  at  the  top  remained  colored,  the  rest  being 
pure  white.   This  shallow  layer  persisted  for  about  three  days 
and  then  deepened  slowly  until  at  the  end  of  a  week  about 
half  of  the  column  of  milk  was  pink.   The  hemolytic  streptococci 
from  milk,  therefore,  give  the  sarre  litmus  milk  reaction  as  do 
the  members  of  the  S.  lac ti cue  group. 

Not  all  of  the  milk  strains  give  this  typical  reac- 
tion, however.  A  snail  number  acidify  the  milk  very  slowly  and 
cause  no  coagulation  or  reduction  of  litmus.   Special  mention 
should  be  made  of  the  "W"  strains.   These  are  from  a  high 
grade  of  certified  milk.   This  milk  Is  produced  under  condi- 


Table   IV. 
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..CTIOIIS  OP  PAKIOGEHKi  OCTUKES 


r^icTioi; 

.1x2:21 

CtiI  tWTQ 

24  l-Lcrars. 

40  hours 

24 

11 0  cliance 

177 

llo  Chroice 

A 

179 

Ho  chan,:;e 

A 

ISO 

ITo  chanse 

llo  chance 

182 

llo  dicaice 

Ko  chance 

200 

I'o  dioT.rQ 

A 

23S 

ITo  chanr^ 

A 

234 

ITo  ch::Ji::;9 

A 

240 

ITo  clianr-e 

A 

256 

llo  chance 

ITo  chcnrre 

242 

ITo  chcaice 

A 

247 

A 

A    C 

250 

ITo  cliance 

ITo  chanre 

252 

ITo  chcnrje 

ITo  chance 

258 

ITo  cliance 

A 

259 

No  dian^e 

A 

260 

llo  clianro 

A 

261 

ITo  clianc© 

A 

33 

A 

A 

44 

ITo  chanrre 

ITo  cli.Jic.e 

7 

ITo  chanre 

ITo  olianr« 

IS 

^ 

A    C 

136    (7ir.l 

RAG 

RAG 

D3 

re    :. 

-     -     G 

R  =  Reduction  of  liti.ois 

A  =  Acid. 

C  =  Coaculation. 


-3S- 


tions  which  Would,  as  nearly  ae  possible  by  ordinary  precau- 
tions, exclude  organisms  froir.  such  sources  as  the  con's  flank.3, 
the  hand  of  the  milker,  the  staole  air,  and  unsterilized  uten- 
sils.  The  organisma  present  woul4,  therefore,  be  largely  repre- 
sented by  those  coming  from  the  interior  of  the  udder. 
Sherman  and  Albua  (48)  considered  the  streptococci  obtained 
froE  the  udder  of  the  cow  to  be  of  the  pyogenes  type  and  found 
them  distinctly  different,  in  a  number  of  characters,  from  the 
lactic  acid  type.   It  is  possible,  therefore,  that  these  milk 
strains  which  do  not  coag-ulate  miik  and  reduce  litmus  are  of 
the  pyogenes  type.   The  subsequent  tests  support  this  view. 

The  human  pathogenic  strains  act  slowly  upon  litmua 
milk.   Little  change  is  seen  in  twenty-four  hours.  Many  of 
them  show  a  weak  acidity  In  forty-eight  hours,  while  others 
cause  little  or  no  apparent  change  in  the  milk  even  after 
several  days  incubation.  Reduction  of  litmus  is  brought  about 
by  but  one  strain,  two  strains  cause  coagulation.   Two  strains 
of  S.  viridans  which  were  included  for  comparison  cause  ooth 
reduction  and  coagulation. 

In  a  general  way,  hemolytic  streptococci  from  milk 
produced  under  ordinary  conditions  bring  about  a  rapid 
acidification,  coagulation,  and  reduction  in  litmus  milk,  while 
human  pathogenic  strains  only  produce  a  slight  acidity.   The 
exceptions,  however,  are  too  numerous  to  uae  this  test  as 
absolute  differentiation. 
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FERMENTATION  OF  CARBOHYDRATES. 

The  fermentation  teste  were  made  In  a  veal  Infusion 
broth  which  was  prepared  after  the  method  described  by  Huntoon, 
that  is,  the  broth  was  not  filtered  through  cotton  or  filter 
paper  but  was  allowed  to  clarify  by  sedlrrentatlon  In  tall 
jars.   This  medium  gave  abundant  growth  of  all  strains  with- 
out the  addition  of  carbohydrates.   In  preliminary  tests  the 
broth  was  inoculated  with  B.  coll  to  rid  it  of  muscle  sugar, 
but  by  comparison  with  controls  this  proved  to  oe  unnecessary 
and  was  abandoned.   In  all  tests,  however,  control  tubes  to 
which  no  carbohydrate  was  added  were  inoculated  and  tested 
with  the  rest. 

The  test  substances  were  made  vp  in  ten  per  cent 
solutions  and  sterilized  separately.  One  per  cent  of  the  test 
substance  was  added  to  the  tubed  and  sterilized  broth.   The 
tubes  were  then  incubated  for  twenty- four  hours  to  insure 
sterility.   Transfers  were  made  to  plain  Infusion  broth  from 
the  stock  cultures  of  the  organisms  to  oe  tested.  After 
twenty- four  hours  incubation,  one-tenth  cc.  of  this  culture 
was  adaed  to  each  of  the  test  broth  tubes.  All  tubes  were 
Incubated  seven  days  at  37°  C,  including  the  tube  from  which 
seeding  was  made,  this  tube  oeing  the  control  mentioned  above. 
Two  drops  of  Andrade's  indicator  were  added  to  each  tube  at 
the  end  of  the  incubation  period  and  the  tube  was  allowed  to 
stand  for  a  few  ninutea  before  oeing  read.   Little  difficulty 
was  encountered  with  doubtful  reactions,  nearly  all  oeing 
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dlatinctly  poaltlva  or  negative.   None  of  the  controls  showed 
any  color  with  the  Indicator. 

A  tabular  view  of  the  results  may  b©  eoen  in  Table* 
VI  and  VII.  The  only  remarkable  feacure  of  these  reaulta  is 
the  uniformity  with  which  aaccharose  ia  fermented  by  the  human 
pathogenic  strains  and  the  negative  results  obtained  with  this 
sugar  when  tested  with  the  milk  strains.  The  exceptions  are 
practically  all  in  the  "W"  strains,  which  resemble  the  human 
strains  in  their  fermentation  reactions.   It  was  noted  in  the 
preceding  test  that  they  also  react  in  litmus  milk  as  do  the 
human  pathogens. 

These  results  are  similar  to  those  obtained  by 
Sherman  and  Albus  (48)  who  found  that  pyogenic  streptococci 
fermented  aaccharose,  while  streptococci  of  the  lactlcus  type 
did  not.  Their  pyogenic  cultures  were  isolated  from  the 
udders  of  cows  and  were  probably  like  the  "W  strains  in  theao 
tables. 

In  the  several  classifications  of  straptococoi  based 
on  fermentation  this  aaccharose  negative  hemolytic  strepto- 
coccus seems  to  have  been  overlooked,   Andrews  and  Horde r  (7) 
have  no  saccharose  negative  groups,  and  Holraan  (37)  does  not 
use  saccharose  in  his  claasif ication.   In  the  latter  classi- 
fication, lactose  and  salicin  positive,  mannita  negative, 
hemolytic  streptodocci  such  as  are  shown  in  the  tables  would 
fall  into  the  S.  pyogenes  group.   So  also  would  the  human 
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pathogenic  strains,  and  theae  two  groups  would  not  b©  differ- 
entiated. 

It  appears  from  the  literature  that  the  majority  of 
ffilllc  streptococci  ferment  saccharose.  Streptococcus  lactlcue 
Is  so  described  in  text  books.  Savage  (3)  stated  that  most 
millc  streptococci  ferment  saccharose.  Houston  (6)  founl  this 
true  of  ninety  per  cent  of  mili  streptococci,  while 
Broadhurst  (13)  found  only  sixty-six  per  cent  of  milic  strains 
saccharose  fermenters. 

Sherman  and  Albus  (48),  on  the  other  hand,  believe 
that  typical  3treotQCQCCU|9  laotlous  does  not  ferment  saccha- 
rose and  their  experiments  aeem  to  show  that  the  fermentation 
of  this  sugar  distinguishes  S^.  pyogenes  of  cows'  udders  from 
S.  lactlcue. 

From  the  data  presented  in  Tables  V  and  VI,  It 
appears  that  saccharose  may  be  useful  in  differentiating  non- 
pathogenic hemolytic  streptococci  of  milk  from  those  of  human 
origin. 

HEMOLYSIS. 
As  stated  before,  all  of  the  strains  used  in  this 
study  were  Isolated  by  picking  typical  hemolytic  oolonies  from 
blood  agar  plates.   In  so  doing  only  those  colonies  were 
selected  which  gave  the  Beta  type  of  hemolysis  (Silth  and 
Brown).   In  the  appearance  on  blood  agar  plates,  therefore, 
all  of  the  milk  strains  were  practically  Identical  and  they 
proved  to  be  identical  in  appearance  with  the  human  pathogenic 
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atralna  when  grown  on  blood  agar  platee  prepared    In  the    8arr.e 
manner.      The   two   groups  were    therefore    indiatlngulahaole   by 
blood  agar  plate  hemolysla. 

All  cultures  were    tnen   furtnar   taatei    for   tne  pro- 
duction of  a    soluble    hemolysin   In  broth  as   racorninended    oy 
the  Medical  Department   of  the   United   States  Army    in  a  leaflet 
entitled,    "The   Isolation  and   Identification  of  Streptococcus 
Hemolytlcue."     The  cultures  were   grown  in  infusion  broth  for 
eighteen  to   twenty-four  hours.      One-half  cc.    of    oroth  culture 
was  then  added  to  one-half  cc.   of  five  per  cent   saline   sus- 
pension of  washed  rabbit    red  blood   cells  and  incubated   for   two 
hours.      Positive  controls  of  known  hemolytic  cultures  and 
negative  controls  with  sterile  broth  were  included  in  each 
teat.     Only  those  cultures  which  gave  complete  hemolysis   in 
two  hours  were   retained  for  study.     All  of  the   colonies  which 
gave  a  wide,    absolutely  clear  zone  wit;h  well-defined  limits 
responded  to  this  test.      Occasionally  colonies  were  picked 
which  gave   wide,    clear  zones  of  hemolysis,   but  which,    on  close 
Inspection  showed  some    red   color   remaining  in  the  zone.      These 
cultures  always    ^ve   negative   results   in  broth.      Others  again 
had  wide,    clear  zones   but   the  outer  border  was  not   sharply 
defined.      These  also   gave   negative   results  in  broth. 

After  some  study  one  may  predict  with  conslda-able 
accuracy  the  reaction  in  broth  by  the  appearance  of  the  zone 
of  hemolysis  on  a  standard  blood  agar  pl^te.      Tne  production 


-33- 


of  hemolysin  In  broth  culture,  therefore,  eeene  to  oorrelato 
with  a  definite  appearance  on  blood  agar  plates,  namely,  the 
Beta  type  of  hemolysis.   This  distinguishes  a  group  of 
hemolytic  streptococci  with  definite  hemolytic  properties. 
Clear-cut  results,  that  is,  dietinotly  positive  or  negative, 
are  obtained  with  this  test. 

It  seems  preferable  to  use  this  test  to  confirm 
results  obtained  with  the  blood  agar  plate.   Variations  in 
technique  sind  in  the  personal  judgment  of  different  investiga- 
tors render  the  reports  of  types  of  hemolysis  on  blood  agar 
plates  too  uncertain.   If  a  culture  is  reported  as  positive 
or  negative  in  the  broth  test,  its  hemolytic  properties  are 
more  clearly  defined.   Swabs  were  taken  from  ten  normal 
throats  of  the  members  of  a  class  in  bacteriology.  All  showed 
hemolytic  colonies  in  varying  numbers.   The  zones  of  hemolysis 
were  wide,  with  well-defined  borders.   They  were  hardly  distin- 
guishable from  the  true  Beta  type.   None  of  the  ten,  however, 
gave  positive  results  in  broth  cultures.   Tnis  suggests  tnat 
perhaps  the  widely  varying  results  reported  in  regard  to  the 
occurrence  of  hemolytic  streptococcus  in  normal  throats  may  be 
due  to  variations  in  what  are  considered  to  be  true  hemolytic 
streptococci. 

It  is  evident  that  neither  of  the  hemolysin  tests 
mentioned  suffices  to  distintuish  Beta  hemolytic  streptococci 
from  rcilic  and  from  human  lesions.   Brown,  in  a  recent  paper, 
noted  that  cultures  of  milk  strains  of  the  Beta  type  require 
a  longer  period  of  incubation  with  the  red  cells  suspension 
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to  produoe  hemolyals.   Thla  fact  had  often  been  obaervei  in 
the  present  work  and  an  experiment  was  planned  to  co-^pare 
the  two  groups  of  cultures  In  this  respect,  also  to  co-Toare 
their  hemolytic  titer.   Tables  VIII  and  IX  show  the  results 
of  the  teat.   The  cultures  were  diluted  with  saline.  Incubated 
at  the  saiae  time  in  a  37°  C.  water  bath  and  the  results  read 
at  the  end  of  thirty  and  ninety  minutes.   It  will  be  seen  that 
the  milk  strains  have  a  very  low  titer  after  thirty  minutes, 
while  the  huiian  strains  show  an  almost  complete  hemolysis. 
The  one  "W  strain  included  resembles  the  human  strains  as  in 
previous  tests.   After  ninety  minutes  there  is  no  striking 
difference  in  the  hemolytic  titer  of  the  two  groups.   These 
results  agree  with  those  of  Brown  (3),  and  it  is  evident  that 
the  rate  of  lysis  of  blood  cells  is  more  rapid  with  human 
strains. 

Another  observation  in  connection  with  tube  hercolysis 
of  the  milk  strains  should  be  noted,  namely,  the  pro-iuction  of 
brownish  discoloration  of  the  cells  before  they  are  laked. 
This  occurred  with  all  of  the  milK  strains  although  it  was  more 
pronounced  in  some  than  in  others.   The  color  remained  and 
intensified  after  the  lysis  of  the  cells.   Occasionally  some 
of  the  human  strains  showed  a  slight  browning  of  the  hemoglooln. 
Spectroscopic  examination  of  the  Drown  colored  tuoea  showed  the 
characteristic  absorption  bands  of  metheraoglobin  in  the  red, 
yellow,  and  green. 
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PATHOGENICITY  FOR  MICE. 

Streptococci  vary  9o  greatly  In  their  pathogenicity 
for  anircala  that  the  value  of  Inoculation  experiments  inay 
easily  be  over-estimated.   It  Is  very  difficult  to  get   con- 
stant results  even  with  culturas  of  known  pathogenicity. 
Thus  mouse  protection  tei^ts  of  antistreptococcic  saru:i:3  have 
not  proven  of  great  significance  In  judging  the  value  of  the 
serum,  because  of  the  Inconstancy  of  control  inoculations. 
The  inoculation  of  animals  with  a  few  strains  of  a  group  of 
streptococci  might  easily  lead  to  erroneous  conclusions,  but 
when  a  large  number  of  organisms  of  similar  propertlaa  give 
constant  results  some  conclusion  may  be  warranted. 

The  work  attempted  here  was  to  show  whether  any 
pathogenicity  was  demonstrable  in  the  hemolytic  streptococci 
obtained  from  milk..   Davis  (3)  reports  so.T.e  pathogenicity 
for  rabbits  in  a  few  cultures,  but  his  results  are  generally 
negative. 

Most  of  the  cultures  isolated  were  inoculated  Into 
mice.   This  was  done  as  soon  as  possible  after  isolation.  As 
soon  as  their  purity  was  assured  the  organlsiLS  wera  given 
three  daily  transfers  in  serum  broth,  then  one-half  co.  of 
the  third  broth  culture  was  Inoculated  into  the  peritoneal 
cavity  of  a  mouse.   The  human  pathogens  were  treated  In  the 
same  way.  All  mice  were  observed  dally  for  seven  days  and 
doubtful  results  were  repeated.   In  no  case  were  any  of  the 
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after  inocul::tlor. 

Cultv.ro      : 

. 

IC    '-ourc 

:-A  'iovvs 

3c  :--curE     :     7  a-.:-c    , 

.0  ,tlco;.;i:.      : 

24 

.  ITormal       j 

Komal 

ITormal 

177 

normal 

IToraial 

Komal                         1 

179 

IToiroal 

Koirial 

ronnal 

1.0ii:.al 

ICO            : 

ITomial       : 

ITownal 

ITomal        : 

llOTt^il 

182 

Dead           : 

+ 

200 

Dead 

+               : 

233 

Dead 

+                    ; 

234 

Dead 

X 

230 

Sick 

Dead 

+ 

240 

Dead 

+ 

242 

Sick 

Dead 

+                 : 

260 

Dead 

+               : 

250 

Dead 

+               : 

252 

Dead 

+               : 

258 

Sick 

Dead 

+                  ; 

259 

Dead 

.               +               : 

261 

Dead 

+ 

247 

Sick 

Sicl: 

.       Dead 

+ 

186  (vir.) 

ITomal 

IToraal 

ITornal       :       llomal 

33 

Dead 

. 

;             + 

7 

Sick 

Sick 

Dead 

+              : 

18 

Korcal 

ITonnal 

ITomial 

IToiTnal 

44 

Dead 

+                    ; 

DB 

Dead 

: 

LKvir.) 

Dick 

Deed 

+               : 

Bepeatod 

: 

:                               : 

tests 

i 

: 

: 

24 

:        Sick 

:        Doca 

:                          : 

:              +              : 

177 

:       Sick 

:        Do,'..: 

:                           : 

:              +              : 

179 

:       Sick 

:       Sick 

:       Doad 

J               '               : 

160 

:       Sick 

:        ITonnal 

1      Kcrmal       i      Koncal 

;                               : 

252 

Dead 

. 

:               -f               : 

234 

:       Dead 

£40 

:       Sick 

Dead 

242 

C'cl 

Z'  2'- 

leelvir.l 

'.  ■  ::  ,  1 

i:on-i 

y.zr    ' 
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typical  milk  strains  pathogenlo  for  mice.   One  of  the  "W" 
strains  killed  irice  and  all  of  then-  saeu-ed  to  cause  rather 
severe  symptoms.   The  back  would  be  arched,  the  hair  roughed, 
and  respirations  rapid  and  labored.   This  seeics  to  confirm  the 
suspicion  that  these  strains  are  of  the  pyogenic  type  and 
resemble  more  closely  the  human  pathogenic  than  the  milk 
strains.  All  of  the  former  group  showed  definite  pathogenicity 
for  mice.   Postmortem  examination  was  made  of  all  mice  that 
died  and  the  heart  blood  and  peritoneal  fluid  streaked  on 
blood  agar  plates  and  inoculated  into  broth.   The  organisms 
thus  isolated  were  always  identical  morphologically  and  in 
their  hemolytic  properties  with  those  injected.   It  would  aee- 
that  the  milk  strains  were  not  pathogenic  for  nice.   A  number 
of  them  were  injected  intravenously  into  rabbits  with  entirely 
negative  results. 

Helneman  (36)  reported  that  S.  lacticue  could  be 
made  virulent  for  rabbita  cy  successive  subcutaneous  inocula- 
tions.  The  organism  was  re-isolated  from  the  site  of  inocula- 
tion and  re-injected  into  another  rabbit  and  so  on.   The 
lesions  were  said  to  oecome  more  severe  until  a  culture  was 
obtained,  after  several  transfers,  wnich  killed  rabtits. 
Although  the  culture  was  examined  and  identified  after  each 
isolation,  the  danger  of  involving  a  streptococcus  from  the 
body  of  the  animal  is  not  excluded. 

Typical  milk  atraine  of  hemolytic  streptococci  were 
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Injectad  euoceeaively   into  six  mice.      The   iiouaa  was  etherized 
in  each  case,    two  days    after   the   inoculation  and   the   atrepto- 
coccl   isolated   from  the  peritoneal    fluid,   and  occasionally 
from  the  heart   blood.      These  were  re-Injected   Into   the  next 
mouse  and   so   on.      One-half  cc.    of  broth  culture  waa    Injected 
Into  each  mouse.      The   or^nlsrrs   showed   no   signs   of    Increasing 
In  virulence,    the  mice    in  all  caaea  appearing  nornal.      It  doae 
not   eeem  poaaiole,    therefore,    to  render  a  atraln  of  the 
hemolytic    streptococci   from  rcillc  virulent   by  passage    through 
mice. 

THERMAL  DEATH  RATES. 

The   stateaent    is  made   by  Ayers,    Johnson,    and  Davla   (46) 
that  pathogenic  etreptococoi  are  killed  at  60°  C.   when  held   for 
thirty  minutes  in  milk  and  that    if  any   survive   this  heating, 
they  are   so  attenuated  as  not   to    oe  dangerous.      Some  of   their 
cultures  which   survived  this  tertperature,    although  coming  from 
pathological   sources,    ware  not   considered  pathogenic.      Tne 
question  is  thus  raised  as  to  whether  or  not   there   Is  a  decided 
difference   in  the  thermal  death  rate  of  the  pathogenic  and   non- 
pathogenic  streptococci.      If  true,    this  would  settle  any 
doubts   in  regard   to  efficiency   of  pasteurization  with   resiject 
to   atraptococci  and,    furthermore,    might   offer  a    convenient 
means  of  differentiation  between  the  pathogenic  and   non- 
pathogenic  streptococci   in  milk. 

Some   recent  publications  nave   emphasized   the   fallacy 
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of  apea'ilng  of  thernial  death  polnta  vrhen  all  of  the  factors 
governing  the  complete  aterilizatlon  of  the  culture  are  not 
controlled.   It  has  bean  repeatedly  deinonatrated  that  the  time 
required  to  kill  all  the  organisms  at  a  given  temperature  is 
dependent  on  the  initial  numoer  present.  According  to 
Phelps  (51),  "the  rate  of  dying  whether  under  the  influence  of 
heat,  cold,  or  chemical  poison,  la  unfailingly  found  to  follow 
the  logarithmic  curve  of  the  velocity  law,  if  the  temperature 
oe  constant."  This  curve  never  reaches  zero  value  although 
approaching  it  indefinitely.   He  further  states  tha-.  thermal 
death  points  "are  merely  accidental,  depending  in  the  first 
place  wholly  on  the  technique  adopted  and  again,  upon  the 
chance  of  the  last  few  survivors  living  or  dying,  when  for  a 
considerable  length  of  time  these  chances  are  about  equal." 

Any  method,  therefore,  which  is  designed  to  give  a 
refined  comparison  between  the  effect  of  heat  upon  different 
cultures  must  take  into  consideration  the  initial  nunuer  of 
organisms  and  compare,  not  the  tecperature  at  which  all  orga- 
nisms are  killed  in  a  given  time,  but  the  rate  of  death  at  a 
given  constant  tenperature.   In  othsr  words,  the  velocity 
coefficients  of  the  rates  of  death  of  the  organia.-ns  should  be 
compared.   Bruett  (52)  used  taeae  velocity  coefficients,  or 
K  values,  determined  for  spore  oearing  organisms,  before  and 
after  "cold  shock"  in  order  to  determine  the  utility  of 
"blanching"  in  food  canning.  This  method  made  possiole  a 
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rafined  coraparlaon  of  the  rat^a  of  death  of  culturoa  of  the 
same  apeoles  when  dl f ferently  treated.   Differences  In  heat 
roalatance  between  the  various  groups  of  atreotocoool  ought, 
therefore,  to  be  demonatrabl-j  by  thia  irethod.   It  la  conceded 
that  the  determination  of  the  tnermal  death  point  will  anow 
differences  in  heat  resistance  among  atreptococoi,  but  In  thla 
determination  only  complete  sterilization  la  conaidered.   The 
accidental  survival  of  a  single  or  a  few  organlaiLS  la  not  dla- 
tingulehed  from  the  survival  of  all  or  a  large  proportion  of 
the  Initial  number  and  thua  distinct  differences  In  behavior 
of  two  organisms  at  a  given  temperature  may  oe  obscured. 

It  has  been  sufficiently  de.Tonstrated  that  bacteria 
when  subjected  to  fixed  unfavorable  conditions  such  aa  a 
constant  high  temperature,  will  die  off  in  a  manner  corres- 
ponding to  the  law  of  monomolecular  reactions.   This  law  la 
expressed  by  tne  equation: 

K  =  T  log  I 

in  which  K  is  a  constant,  the  velocity  coefficient  of  the  rate 

of  death, 
t  la  the  time  between  determinations  of  number  of 

organisms, 
B  la  the  initial  numoer  of  bacteria  in  any  time 

interval, 
b  is  the  number  of  bacteria  at  the  end  of  time  t. 

In  this  formula  the  K  varies  only  with  the  temperature 

Is  independent  of  the  initial  number  of  organlams,  and  doee 

not  involve  complete  sterilization.   The  point  of  complete 

sterilization  la  indefinite,  therefore  the  K  is  :i,ore  acourateV 
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determined  whan  b  l8  not  near  tne  point  of  complete  eterillza- 
tlon.   The  oeat  results  are  obtained,  according  to  Phelps  (51), 
when  there  is  about  a  fifty  per  cent  reduction  in  the  numoer 
of  organisms. 

It  was  thought  best  to  detericine  the  velocity  coeffi- 
cients of  the  rate  of  death  of  the  hemolytic  streptococci  in 
milk,  since  the  application  of  the  results  to  pasteurization, 
as  well  as  to  the  differentiation  of  the  organisms,  was  sought. 
Each  strain  was  grown  in  milk  for  three  days,  transfer  oeing 
made  e=ich  day.   The  third  twenty- four  hour  culture  was  used 
for  the  test.   The  heating  was  done  in  a  De  Khotinsky  electric 
bath  in  which  the  temperature  was  controlled  very  accurately. 
A  tube  containing  ten  co.  of  sterile  milk  was  placed  in  the  bath 
and  held  for  five  minutes.   This  was  found  sufficient  to  raise 
the  milk  to  the  teirperature  of  the  bath.   The  organisms  were 
then  pipetted  into  the  tube  from  the  twenty- four  hour  culture. 
It  was  found  that  with  the  milk  cultures  one-tenth  of  a  cubic 
centimeter  of  the  twenty- four  hour  culture  added  to  the  heated 
.Tjilk  tube  ^ve  a  suspension  containing  between  one  and  ten  million 
bacteria  per  cc.  With  the  pathogenic  strains  one  cc.  of  the 
twenty- four  hour  culture  gave  about  the  sarre  number.   The  latter, 
therefore,  did  not  seem  to  develop  so  abundantly  in  milk.  The 
difference  in  counts,  however,  may  have  been  due  in  part  to  ths 
presence  of  longer  chains  in  the  pathogenic  strains,  with  the 
result  that  more  Individuals  formed  the  seed  of  a  single  colony. 

After  the  organisms  were  added  the  tube  was  shaxen 
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and  one  cc.  rartovei  for  the  Initial  count.   The  milk  strains 
were  enumerated  In  dextrose  Infusion  agar,  but  It  was  found 
necessary  to  use  whole  blood  agar  to  count  the  pathogenic 
strains.   The  colonies  were  so  snail  on  the  Infusion  aedium 
that  there  was  danger  of  overlooking  some  of  the/i,  while  on 
blood  agar  the  zones  of  heaolysis  around  each  colony  made 
counting  easy.   Four  plates  were  irade  for  each  count.   Two 
dilutions  were  plated,  each  one  in  duplicate.   Counts  which 
did  not  checi  satisfactorily  both  in  the  two  dilutions  and 
in  the  duplicates  of  each  were  discarded  and  the  determina- 
tion repeated. 

The  tubes  while  being  heated  were  kept  inunersed  to 
a  point  at  least  two  inches  above  the  level  of  the  milk.  Be- 
fore each  count  the  milk  was  mixed  by  rolling  the  tube  vigor- 
ously between  the  palms,  as  far  as  possible  without  removing 
the  tube  from  the  water  bath.   Care  was  taken  to  avoid  splash- 
ing the  milk  high  up  on  the  walls  of  the  tube  or  on  the  cotton 
plug,  as  in  this  way  some  of  the  organisms  might  escape  being 
heated  to  the  required  temperature. 

The  test  of  the  applicability  of  the  law  of  roonomol- 
ecular  reactions  to  this  work  is  the  constancy  of  the  K  values 
at  a  given  temperature.   A  number  of  preliminary  determinations 
were  nade  at  seven  and  one-half  minute  intervals  with  a  group 
of  cultures,  in  order  to  test  the  constancy  of  the  K  values. 
The  results  are  best  shown  by  graphs.   If  the  logarithms  of  the 
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nun.bere  of  organiems  deternilned  at  various  Intervale,  In  a 
culture  held  at  constant  temperature,  are  plotted  against 
time,  a  line  may  be  drawn,  Che  slope  of  which  is  dependent  upon 
K.   If  the  K  values  are  constant  for  determinations  at  all  In- 
tervals of  time,  the  organisms  are  dying  at  a  constant  rate  and 
the  plot  should  therefore  be  a  straight  line.   Ey  plotting  the 
logarithms  of  the  numbers  we  may  test  the  constancy  of  K  with- 
out determining  It.   Graphs  plotted  from  some  of  the  data  are 
shown  In  Figxue  I.   It  will  be  seen  that  the  K  values  do  not 
vary  greatly,  as  most  of  the  plots  approximate  a  straight  line. 
Subsequent  determinations  with  other  cultures  did  not  always 
yield  such  uniform  results,  but  the  variations  from  straight 
lines  are  quite  slnllar  In  all  and  can  be  explained  on  the 
same  basis. 

It  frequently  occurs  in  these  cultures  that  the 
velocity  coefficient  of  the  rate  of  death  during  the  first  In- 
terval of  time  Is  not  as  great  as  In  the  second  and  third,  also 
that  as  the  number  of  organisms  gets  very  sm^ll  there  is  con- 
siderable variation  In  the  coefficient.   The  most  constant 
results  are  obtained  when  the  decrease  in  the  number  of  orga- 
nisms does  net  go  much  beyond  fifty  per  cent.   This  may  be  due 
to  the  greater  percentage  of  experimental  error  In  counting 
small  numbers  of  organisms,  or  perhaps  the  law  is  no  longer 
strictly  operative  when  small  numbers  are  reached. 

The  slow  rate  In  the  first  Interval  of  time  has  two 
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possible  explanations.   First,  a  sllii,ht  error  Is  Introduced 
by  the  addition  of  the  suspension  of  the  organisms  to  the 
heated  rcilk,  causing  a  alight  reduction  in  temperature.   The 
first  counts  were  made  as  soon  after  the  introduction  of  the 
organisms  as  the  heated  milk  suspension  could  be  properly- 
mixed.   In  this  way,  the  sample  may  have  been  taken  occasion- 
ally before  the  proper  temperature  was  regained.   Second, 
shaking  after  the  first  heating  interval  may  cause  the  break- 
ing up  of  chains,  making  a  larger  number  of  colonies  for  the 
actual  number  of  bacteria  present  than  appeared  in  the  first 
count. 

Although  the  K's  are  net  constant  for  all  intervals 
of  time,  it  was  considered  that  the  best  comparison  of  the 
rates  of  death  of  two  groups  of  cultures  could  be  obtained  by 
comparing  the  K'e  computed  for  the  longest  practicable  length 
of  time.  Most  of  the  K's  for  the  milk  strains  were,  therefore, 
computed  for  thirty  minutes  and  those  of  the  pathogenic  strains 
for  a  ten  minute  period. 

It  becomes  apparent  from  an  examination  of  the  data 
in  Tables  XII and  XIII  that  there  is  a  very  marked  difference 
between  the  behavior  of  the  human  and  milk  hemolytic  strepto- 
cocci in  milk  at  50^  C.   The  human  strains  die  very  rapidly 
and  reach  a  very  small  number  per  cc.  In  ten  minutes,  while 
the  milk  strains  die  very  slowly  at  this  temperature,  some  in 
fact  appear  not  to  decrease  to  any  appreciable  extent  in 
thirty  minutes.   It  is  questionable,  because  of  the  small  num- 
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ber  of  organ! sire  left  after  the  time  Interval,  whether  or  not 
the  K  values  for  the  pathogenic  streptococci  represent  the 
rapidity  of  the  rate  of  decrease.   The  curve  of  decline  of 
numbers  probably  reaches  a  point,  before  the  ten  minutes  have 
elapsed,  where  death  is  no  longer  in  strict  accordance  with  the 
law  of  monoirolecular  reactions.   In  other  words,  it  reaches 
that  small  number  in  which  chance  plays  an  iaportant  part  In 
survival.   The  determination  of  the  K'e,  however,  obviously 
gives  a  better  picture  of  the  behavior  of  the  organisms  than 
a  determination  of  the  point  of  cou5>lete  sterilization,  the 
undeterminable  point  at  which  all  of  these  few  remaining 
organisms  have  died. 

The  rates  of  death  of  the  pathogenic  strains  are 
fairly  uniform  as  com.pared  with  the  milk  strains,  although 
none  of  the  typical  strains  of  either  have  a  death  rate  which 
approaches  that  of  the  other  group.   The  "W"  strains,  as  in 
previous  tests,  show  great  similarity  to  the  pathogenic 
strains.   In  all  of  the  tests  they  have  been  identical  with 
the  pathogenic  group  and  there  seems  to  be  little  reason  to 
believe  that  they  are  not  of  this  group.   None  of  these 
organisms  were  obtained  from  pasteurized  milk  but  from  milk 
produced  under  the  best  of  sanitary  precautions.   It  would  be 
difficult  to  prove  whether  or  not  these  strains  could  be 
pathogenic  to  man,  but  their  similarity  to  pathogenic  strains 
and  the  fact  that  they  were  found  only  in  unpasteurized  milk 
argues  very  strongly  for  pasteurization  of  all  milk  regardless 


-51- 


of  the  care  uaed  in  producing  it. 

The  great  difference  in  the  thermal  death  rate  of 
pathogenic  human  and  that  of  non-pathogenic  milk  streptococci 
suggests  that  this  character  might  be  added  to  the  list  of 
characters  which  serve  to  differentiate  them.   It  is  one  which 
can  easily  be  determined  with  siriiple  apparatus.   It  la  also 
a  character  which  perhaps  reflects  the  habitual  environment 
of  the  organism,  that  is,  a  purely  saprophytic  organism  would 
be  more  likely  to  withstand  wide  ranges  of  temperature  than 
one  which  lives  and  grows  largely  at  the  teu.perature  of  the 
human  or  other  animal  body. 

The  question  as  to  whether  or  not  pathogenic  strepto- 
cocci might  survive  pasteurization  arose  in  connection  with 
these  experiments.   The  usual  pasteurizing  temperature  is 
145°  F.  or  62.8°  C,  although  60°  C.  is  occasionally  used. 
Ayers,  Jo-inson,  and  Davis  (46)  concluded  that  pathogenic  strep- 
tococci will  not  survive  this  temperature  for  thirty  minutes. 

All  of  the  pathogenic  strains  used  in  the  above  tests 
were  held  at  60°  C.  in  milk  for  thirty  minutes.  All  strains 
were  tested  several  times.   The  tubes  were  cooled  after  heating 
and  incubated  for  forty-eight  hours  at  37°  C.   Occasionally 
some  of  them  survived,  grew  in  the  rr.ilk,  and  were  carefully 
identified.   In  these  tests  the  initial  number  of  organisms 
was  the  same  as  that  in  the  determination  of  the  death  rate, 
that  is,  one  cc .  of  a  twenty- four  milk  culture  was  added  to 
a  tube  containing  about  ten  cc.  of  milk  at  50  C.   Some  of 
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the  cultures  which  grew  after  the  one  heat  test  failed  to  grow 
after  a  second  test.   Others,  nairely,  33,  44,  DB,  and  LI, 
(S.  vlrldane) ,  grew  quite  consistently  after  heating  for  thirty 
minutes  at  60°  C.   If  the  initial  number  of  organisn.s  were 
reduced  to  one- tenth  cc.  of  an  twenty- four  hour  allk  culture, 
none  of  the  cultures  survived  the  test. 

The  question  arose  as  to  whether  the  organisms  lost 
their  virulence  by  the  heating.   To  test  this,  hemolytic 
culture  No.  33  and  virldans  culture  LI  were  inoculated  into 
mice.   Both  mice  died  in  twenty- four  hours.   The  organisms 
were  Isolated  from  the  heart  blood  on  blood  agar  plates  and 
identified.  A  single  colony  of  each  was  transferred  to  a  milk 
tube  and  incubated  for  twenty- four  hours.  One  cc.  was  trans- 
ferred from  each  of  the  tubes  to  sterile  milk  tubes  at  60®  C. 
and  held  for  thirty  minutes.   The  tubes  were  then  cooled  and 
Incubated  for  twenty- four  hours.   One-half  cc.  of  each  was 
injected  intraperltoneally  into  a  mouse  and  a  third  mouse 
was  inoculsted  with  one-half  cc.  of  sterile  milk.   Both  of  the 
mice  Inoculated  with  the  heated  streptococci  cultures  died 
within  forty-eight  hours,  while  the  control  survived.   The 
organisms  were  again  isolsted  from  the  heart  blood  and  identified, 
This  simple  experim.ent  seems  to  show  that  the  virulence  of  the 
streptococci  which  survive  pasteurization  is  not  lost,  or  at 
least  they  are  able  to  produce  virulent  cells  in  the  same  milk 
in  which  they  were  heated.   The  experiment  Aras  repeated  with 
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the  same  results. 

It  must  be  remembered  that  in  these  experimente  the 
number  of  organisms  present  was  very  large.   There  were  probably 
from  one  to  five  million  bacteria  per  cc.  present  at  the  begin- 
ning.  One  would  scarcely  expect  to  find  milk  so  highly  con- 
taminated with  pathogenic  streptococci.  However,  the  mar^^in  of 
safety  in  pasteurization  would  bo  much  ii.ore  adequate  if  higher 
pasteurizing  temiperatures  were  used. 

It  was  thought  that  repeated  heating  of  a  culture 
might  lead  to  the  selection  of  a  heat  resistant  strain  of  the 
organisacs.  Accordingly,  two  hemolytic  cultures,  No.  d'6   and 
DB,  and  vlridans  culture  LI  were  pasteurized  at  60°  C.  for 
thirty  minutes,  every  second  day  for  a  time.   It  was  intended 
to  heat  them  ten  times  and  then  determine  their  death  rates 
and  compare  them  with  those  of  the  original  cultures  to  see 
if  the  hsat  rasistance  of  the  orgg-nlsms  had  increased.   None 
of  the  three  cultures,  however,  survived  for  ten  heatings. 
The  vlridans  strain  was  killed  by  the  sixth  heating,  the  hemoly- 
tic strain  No.  33  by  the  eighth,  and  DB  by  the  ninth.   It 
seems  clear  that  the  cultures  did  not  gain  in  heat  resistance 
uy  the  repeated  heatings.   The  apparent  decrease  in  resistance 
after  a  number  of  heatings  could  not  be  explained. 
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CONCLUSIONS. 

The  number  of  cultures  used  in  this  work  waa  not 
great,  especially  the  group  of  human  pathojienlc  cultures,  yet 
they  were  carefully  selected  and  are  believed  to  be  fairly 
representative.   Several  conclusions  ir-ay,  therefore,  be  war- 
ranted froH.  the  study  of  the  data  preeentea. 

1.  Hemolytic  streptococci  which  are  identical  in 
hemolytic  power  with  the  human  pathogenic  type  but  which 
differ  frorc  thens  in  aany  respects,  occur  quite  generally  in 
raw  and  pasteurized  milk.   A  large  number  of  these  strains 
behaved  alike  in  a  series  of  tests  and  they  therefore  seem 
to  form  a  homogeneous  group  or  species. 

2.  There  are  certain  general  differences  in 
morphology  between  milk  and  human  hemolytic  streptococci. 
These  are  not  absolute  and  by  themselves  are  of  little  value 
for  purposes  of  differentiation. 

3.  The  reaction  of  milk  hemolytic  streptococci 
in  litmus  milk  is  characteristic  and  is  of  importance  In 
differentiating  them  from  pathogenic  strains. 

4.  The  pathogenic  hemolytic  streptococci  have  a 
greater  range  of  fermenting  power  than  do  the  milk  strains. 
The  most  constant  difference  between  the  two  groups  is  the 
failure  of  the  latter  to  ferment  saccharose. 

5.  The  identification  of  hemolytic  streptococci 
should  always  be  confirmed  by  testing  for  hen:olysin  in 
broth  cultures.   The  true  Beta  type  produces  hen.olyein  in 
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broth,  while  others  which  resertble  the  Beta  type  quite 
closely  do  not. 

6.  There  la  no  oonetant  dlfferenoe  in  the  hemolytic 
titer  of  milk  and  pathogenic  strains,  but  the  time  required 
for  hemolysie  to  take  place  is  distinctly  greater  with  the 
milk  strains.   This  characteristic  could  be  used  to  aid  in 
differentiation. 

7.  The  milk  hemolytic  streptococci  are  not  patho- 
genic for  ttice,  and  virulence  cannot  be  deir.onst rated  even  by 
euccessive  passages. 

8.  The  difference  in  the  thermal  death  rates  of 
uiilk  and  pathogenic  heitolytic  streptococci  serves  to  differ- 
entiate theic.   The  former  die  at  a  slow  rate  in  milk  at  60°  C, 
while  the  latter  die  rapidly. 

9.  With  a  very  large  number  present  it  is  possible 
for  pathogenic  streptococci  to  survive  pasteurization  at 

60°  C.  for  thirty  minutes.   The  number  of  survivors  la  undoubt- 
edly vary  small,  but  they  are  able  to  produce  a  culture  viru- 
lent for  mice.  Higher  pasteurizing  temperatures  would  give 
a  better  margin  of  safety. 

10.  Successive  heating  of  pathogenic  streptococci 
does  not  result  in  the  production  of  a  heat  resistant  strain. 

11.  Hemolytic  streptococci  resembling  the  pathogenic 
type  in  every  respect  were  Isolated  from  certified  milk.   They 


56- 


are  of  low  heat  resistance  and  ooulcL  readily  be  destroyed  by 
proper  pasteurization. 
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